Three hundred and five Large White (LW, 93), Landrace (L, 92), Yorkshire (Y, 69) and Chester White (CW, 51) gilts produced at the Roman L. Hruska U.S. Meat Animal Research Center over 3 yr with 15 to 41 gilts per breed group per year were housed in total confinement and mated to farrow at I yr of age. After 28 to 30 d lactation, piglets were weaned and all females were observed for estrus daily for 30 d. During the year that each gilt initially farrowed, she was mated to produce a second and third litter if she returned to estrus within 30 d after piglet removal. Interval from weaning (d 0) to estrus and reason for leaving the breeding herd were recorded for each animal. Interval from weaning to estrus was influenced by breed (P<.01), parity (P<.01) and interaction between breed and parity (P<.O1). Intervals from weaning to estms, in first parity females which exhibited estrus, were 7. 8, 6.6, 9.3 
Introduction
Ideally and economically each sow should produce a litter every 152 d or 2.5 litters per yr. However, postweaning anestrus (failure to exhibit estrus) in sows, and especially in first litter gilts, is very common (Fahmy et al., 1979; Stork, 1979; Hurtgen et al., 1980; Bryant, 1981, 1982a,b) and costly to the producer. Several factors, such as housing, season and nutrition, have been shown to influence the number of females exhibiting the anestrous condition (Reese et al., 1982; Cox et al., 1983; Stevenson et al., 1983) .
The objective was to determine the interval from weaning to first estrus after the first, second and third parturition and lactation in Large White, Landrace, Yorkshire and Chester White breeds located at the Roman L. Hruska U.S. Meat Animal Research Center. Disposal records were accumulated to determine reasons for sows leaving the herd. ~The authors are grateful to Ed McReynotds, Russell Boatman and Charolotte Scott for the care and breeding of the sows and to Cheryl Yates and Linda Parnell for stenographic work. Cooperation of the Nebraska Agr. Exp. Sta., Univ. of Nebraska, Lincoln, is acknowledged: 2Mention of a trade name, proprietary product or specific equipment does not constitute a guarantee or warranty by the USDA and does not imply its approval to the exclusion of other products that may also be suitable.
~Agr. Res. Service, Roman L. Hruska U.S. Meat Animal Research Center.
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Materials and Methods
The numbers of females farrowing or available to mate by year, parity and breed are listed in table 1. Large White (LW) and Landrace (L) gilts were descendants of animals purchased from the Pig Improvement Company, Spring Green, Wisconsin, while the Yorkshire (Y) and Chester White (CW) females were descendants of animals purchased from different seed stock producers in the Midwest. All animals were maintained in continual confinement with 14 h JOURNAL OF ANIMAL SCIENCE, Voi. 61, No. 6, 1985 of light per d. Temperatures within the building were maintained at 15.5 to 18 C during the winter months by heating and in the summer, upon reaching 26.5 C, mistiers or evaporativecooling units were activated. Each year the females at 11 to 12 mo of age farrowed their first litter in February and March, second litter in July and August and third litter in December to January. All gilts were mated to boars of the same breed as was the breed of gilt for the first litter whereas, for the second and third litters, boars of the same breed as was the breed of sow, or of a different breed were used. During gestation, females were fed 1.6 kg of a 13% crude protein diet during 0 to 80 d and 2.5 kg from d 81 to farrowing. This dietary intake was equal to, or slightly above, National Research Council requirements. During lactation, the females were fed ad libitum a 16% crude protein diet. After a 28-to 30-d lactation, females were separated from piglets and placed in pens of 12 to 20 females in 1978 and 1979, or in individual stalls in 1980. All females were fasted for 24 h after weaning and thereafter fed 1.8 kg daily of a 12% crude protein diet. Females were observed daily for estrous behavior by placing a boar in the pen of females for approximately 10 min, or allowing a boar to roam in front of sows in individual stalls while they were checked by back pressure for the immobilization stance. If a female exhibited an immobilized stance, she was considered to be in estrus and was mated. The day of weaning was designated as d 0. All females were observed for estrus for 30 d; thereafter females not exhibiting estrus were removed from the experiment. Females that were mated and exhibited estrous behavior after 42 d were removed from the experiment. Other criteria for removing a female from the experiment were chronic lameness, death and other factors like uterine prolapse, herdsmen error, etc.
The interval from weaning to first estrus was analyzed by least-squares methods (Harvey, 1975) with year, breed of sow, breed of boar and parity as main effects. Analysis of eovariante was used to relate the interval from weaning to first estrus to covariates-total piglets born, number of piglets born alive and number of piglets weaned. The 110-d and postweaning weights and laetational weight loss were analyzed by least-squares methods with aNo. of gilts that farrowed.
bNumber in parentheses are percentages of females that exhibited estrous behavior by 30 d postweaning after the third parity. year, breed of sow and parity as main effects. Chi-square analyses were used to analyze the 4 breed k 3 yr x 3 parity, 4 breed x 3 yr or parity, and 3 yr x 3 parity factorials for percentage of sows that did not exhibit estrous behavior, that died, that were culled for lameness, that were mated and returned to estrus, and that were available to produce a fourth litter.
Results
Interval from weaning to estrus was influenced by breed (P<.01), parity (P<.O1) and an interaction between breed and parity (P<.O1; table 2). The interaction resulted from the CW breed having a continuous decline in length of the interval from weaning to estrus with parity, while the other breeds had a decline after the second parity and a slight increase after the third parity. Breed of boar that sired the weaned litter did not influence the interval between weaning and first estrns. Table 3 shows the percentage of females exhibiting estrous behavior by days postweaning after the first and the combined second and third parities. Percentages for second and third parities were similar and, therefore, were combined. Breeds differed in percentage of sows exhibiting estrus (P<.01) by d 7 after the first and subsequent parities, with more LW and L sows showing estrus than Y and CW sows. Landrace sows (94.3%) had the highest rate of females exhibiting estrus, while CW sows (78.0%) had the lowest rate by d 7 postweaning in the combined second and third parities. Breed differences (P<.01) were evident through d 30 for first and combined second and third parities.
Number of piglets born alive and number piglets weaned did have cubic and quadratic effects (P<.05) on the interval between weaning and estrus. As number of piglets born alive increased and(or) number of piglets weaned increased, interval between weaning and estrus increased. This is shown in the following equations where I = interval between weaning and estrus, A = number of piglets born alive and W = number of piglets weaned: The equation for piglets born alive and interval was I = 11.2989 -1.8231 A + .2140 A s -.0077 A 3. The equation for piglets weaned and interval was I = 9.2640 -.9045 W + .0612 W 2. No significant relationship between total number of piglets born and interval between weaning and first estrus was detected.
Prefarrowing and weaning weights and weight loss during lactation (table 4) of sows differed among breeds (P<.01). Prefarrowing weights averaged over years and parities were 178.0 + 1.3, 173.9 + 1.3,166.0 -+ 1.6 and 164.8 + 2.1 kg for LW, L, Y and CW sows. Weight loss during lactation averaged over years and parities was 13.4 + 0.9, 17.0 + 0.9, 12.7 + 1.1, and 9.7 -+ 1.5 kg for LW, L, Y and CW sows. Parities differed (P<.01), with weight losses of 10.2 + Sows leaving the herd for death, lameness, or failure to maintain pregnancy are listed in table 6. Breed (P<.05; X 2 = 12.22; 3 df) and year (P<.05; X 2 = 7.9.5; 2 dr) effects were found in percentage of females that died. More CW females died (17.6%) as compared with the other breeds (4.3%). Parity did not influence death rate (P>.10); 2.6, 2.7 and 1.7% died during the first, second and third parities.
No significant breed or year effects were detected in the percentage of females removed for lameness. Percentage of females removed by breed was 4.3, 8.7, 2.9 and 2.0 for the LW, L, Y and CW females. Percentage of sows failing to maintain pregnancy was influenced by breed (P<.01; X 2 = 17.25; 3 df), yr (P<.10; X 2 = 6.73; 2 df) and interaction of breed x year (P<.01; X 2 = 29.78; 6 df). The percentage of females failing to maintain pregnancy increased as parity increased in the LW and L sows, while Y and CW sows had a constant percentage of pregnancy maintenance as number of parity increased. This increase in pregnancy loss with increased parity number in the LW and L breeds of sows and the consistency of this feature in the Y and CW breeds with increasing parity resulted in the significant ineraction. More LW (19.4%) and CW (19.6%) sows returned to estrus after 42 d of gestation than did L (5.4%) and Y (2.9%) sows. Percentages of the bThe second and third parities were combined because the values were similar. If females were culled after the first parity or died, they were not included in the second and third parity calculations. Number of sows available to produce a fourth litter is presented in table 1. Breed (P<.01; X 2 = 12.6587; 3 dr), yr (P<.05; X 2 = 6.6344; 2 df) and the interaction of breed x year (P<.01; X 2 = 33.6717; 6 df) affected this trait. The percentage of LW, Y and CW sows available for a fourth litter decreased with years, whereas the percentage of L sows available to produce a fourth litter increased with years, causing the significant breed x yr interaction. Percentage of sows available to produce a fourth litter was 63.4, 62.0, 52.2 and 35.3, respectively, for the LW, L, Y and CW breeds.
Breed
Discussion
The interval from weaning to estrus for the four breeds of sows observed in this study was less than that reported by Fahmy et al. (1979) ; Aumaitre et al. (1976); and Dyek (1971) . First-parity Y sows have been reported (Dyck, 1971) to have an interval from weaning to estrus of 5.5 +-0.3 d as compared with 9.3 + 0.8 d found in this study. Most of this difference likely resulted from the difference in lactation time because sows reported by Dyck (1971) lactated for 42 d, whereas in the present study sows lactated for 28 d. Burger (1952) reported a 7.8-d interval from weaning to estrus, which is similar to the interval determined in the present study for LW sows. First-parity L sows had an interval of 6.6 + .6 d, which is less than the 8.0 d reported by Fahmy et al. (1979) for Hampshire x L crosses. Fahmy et al. (1979) indicated that L crosses had longer intervals from weaning to estrus than crosses with Y, Hampshire, Berkshire and Tamworth. Aumaitre et al. (1976) reported a 30-d interval from weaning to estrus in first-parity L sows (French). Lactation length in the French study varied, with an average of 42 d. Reports in the literature and current data could differ because of environmental differences. However, breed differences found in the populations observed in the present study are true differences since animals were maintained under the same environment and management. Because the sample of the breeds observed in the present study differed in the interval between weaning and estrus, the interval may be decreased by selection of breeding stock.
The percentage of females exhibiting estrus 7, 14 or 30 d postweaning also showed the same breed differences as interval from weaning to estrus. More LW and L sows showed estrus by d 7 postweaning than Y and CW sows after first parity. Some primiparous CW females may Total 51 9 1 10 1 aAnimals that had great difficulty to move or had broken bones were culled for lameness.
have had a silent estrus about 5 to 7 d postweaning because the number of females detected in estrus between d 21 and 28 postweaning increased from 52.9 to 82.4%. Parity and season were always confounded in the present study. Therefore, the effect of late summer or early fall breeding on reproduction in first parity sows could not be determined. When females not detected in estrus were included in the analysis of interval from weaning to estms by assigning them a value of 30 d, intervals were 9.5, 12.5, 23.6 and 19.3 d for first parity LW, L, Y and CW sows, respectively. Values after the second and third parities were 6.8, 4.9, 8.0 and 9.1 and 6.4. 5.2, 8.3 and 10.1 d, respectively, for LW, L, Y and CW breeds. Breed rankings remained the same because Y and CW breeds had a higher percentage of females not detected in estrus than LW and L breeds.
First-parity LW females weighed more at 110 d gestation and had the lowest weight loss during lactation compared with the other breeds. All breeds had an increased weight loss after the second parity. This resulted most likely because the sows gained proportionally more between the first and second parities than between the second and third parities. Over all parities, L and LW sows had larger weight losses during lactation and shorter intervals from weaning to estrus than Y and CW sows. This would indicate that factors other than weight loss during lactation influenced the interval from weaning to estrus.
Litter size at birth and weaning had a significant effect on the interval from weaning to estrus. However this relationship was not linear but cubic and quadratic, indicating that the litter size influenced the weaning to estrus interval up to a certain litter size, then litter size had no important influence except for very large litters. The linear relation between weight loss during lactation and the increase in weaning to estrus interval indicates another influence of litter size at weaning. The above relationships indicate piglet production influences the interval between weaning and estrus.
Chester White sows had increased death losses compared with the sows of other breeds. This may have resulted because the CW females have not been adapted to confinement as long as the females of other breeds. In addition, the inability of CW females to tolerate parturition and lactational stresses as well as the females of other breeds could have contributed to the increased death losses. Most of the deaths occurred just before or shortly after parturition. There were no differences for breeds, parities or yr with respect to losses due to unsound feet and legs. Arthur et al. (1983) reported that incidence and severity of toe lesions and leg problems decreased, or were unchanged, from first to third parity. The percentage of sows culled due to lameness (4.9%) in the present study was lower than the 11% Arthur et al. (1983) reported for crossbred sows (Y x Duroc X Hampshire rotational crosses).
The percentage of sows available to produce a fourth litter (55.7) was higher than the 31% reported for YxDurocxHampshire sows (Arthur et al., 1983) . Large White and L sows were more productive than Y and CW sows in that over 60% of the LW and L sows were available for a fourth litter, while less than 50% of the Y and CW sows were available. An increase in females culled each year because of reproductive failures (failure to exhibit estrus and failure to maintain pregnancy) caused a decrease in the percentage of sows available for a fourth litter, 65.9, 56.0 and 47.9 for 1978 , 1979 and 1980 .3 and 1.0%, respectively, were culled for death, lameness, failure to maintain a pregnancy, failure to exhibit estrus and other reasons. This compares with the 8, 11, 9, 31 and 10% culled for death, lameness, failure to exhibit estrus, poor breeders, and poor growth plus other reasons reported by Arthur et al. (1983) . In this study, 31.8% of the females were culled, whereas Arthur et al. (1983) culled 40% of crossbred sows for reproductive problems. Therefore, the largest proportion of females leaving the breeding herd were culled for reproductive problems.
